The selection of stimulus contents for neurofeedback has direct implications on the efficacy of neurofeedback therapy. In particular, a suitable selection of stimulus contents facilitates the achievement of sustainability during neurofeedback sessions, which has been considered challenging during clinical practice. To further elaborate this point, this research investigates the efficacy of different neurofeedback stimulus contents (audio, video, and games) for stress mitigation. The effectiveness of the contents was measured by statistically comparing quantitative electroencephalogram (QEEG) features, such as alpha power and alpha asymmetry before and after neurofeedback sessions. In addition, the topographic maps of activities were constructed for a visual description. In this study, 29 study participants were recruited, and the EEG data were recorded during multiple neurofeedback sessions. ANOVA and post hoc testing verified the statistical significance of the results of the various stimulus contents, whereas a t-test verified the significance of stress mitigation because of neurofeedback. The results indicate that games exhibit higher effectiveness than audio and video contents for stress mitigation. In addition, the topographic analysis demonstrates the efficacy of neurofeedback training for stress mitigation. In conclusion, the effects of neurofeedback therapy could be enhanced while selecting suitable stimulus contents for neurofeedback protocols.
I. INTRODUCTION
Neurofeedback aims to train the human brain based on the sensory feedback of real-time information extracted from electroencephalogram (EEG) data analysis during a cognitive or mental task. It is a therapeutic technique because the training may enhance cognitive abilities by active learning. For example, the brain learns self-control and regulates executive functions (like attention, focus, concentration, and
The associate editor coordinating the review of this manuscript and approving it for publication was Larbi Boubchir . impulse control) under different circumstances. EEG enables neurofeedback because of its high temporal resolution while non-invasively measuring the physiological states of the brain. During a neurofeedback session, the EEG data are processed in real time and converted into decision variables to control or manipulate the stimulus contents and complete the sensory feedback loop [1] . Examples of neurofeedback stimulus contents could be games, the play and pause functionality of videos and audio, or several other hardware controls. In short, during neurofeedback, the brain trains itself through operant conditioning. Once learned, the training facilitates the VOLUME 7, 2019 This work is licensed under a Creative Commons Attribution 4.0 License. For more information, see http://creativecommons.org/licenses/by/4.0/ enhancement of performance, or the improvement of health conditions, without any external intervention. EEG-based neurofeedback is generally considered as non-invasive approach for brain modulation as compared with deep brain stimulation and vagus nerve stimulation. EEG has a high temporal resolution, that is, in milliseconds. In addition, it is cost effective and portable, which makes it feasible for remote applications. EEG-based neurofeedback has extensive applications in the treatment of psychiatric illnesses; for example, attention deficit hyperactivity disorder (ADHD) [2] , epilepsy [3] , depression [4] , and stress [5] . Moreover, neurofeedback facilitates the repair and enhancement of cognitive functions [6] . Several studies reveal the efficacy of neurofeedback while improving cognitive functions in healthy participants [7] , [8] and effective therapeutic enhancement in patients to normalize their brain activity [9] . The efficacy of neurofeedback remains a concern among researchers. In addition, some researchers have raised concerns over the clinical significance of neurofeedback [10] .
Fundamentally, the efficacy of neurofeedback depends on the neurofeedback protocol design. In this context, many methods and protocols are being investigated that could improve the efficacy of neurofeedback therapy [11] . An EEG-based neurofeedback protocol design consists of the selection of electrode locations on the scalp, the targeted frequency band amplitude, and suitable stimulus contents. Most of the studies discussing different protocols of the neurofeedback training focus on the electrode locations and frequency bands responsible for changes in brain activity.
The selection of suitable neurofeedback stimulus contents has often been challenging, with various researchers having investigated different neurofeedback stimulus contents (e.g. color bar changer [12] , audio [6] , video [13] , and games [14] ) for peak-performance training [15] , cognitive enhancement in healthy participants, and to influence symptoms in patients [16] , [17] . In addition, the neurofeedback stimulus contents play a critical role in mitigating stress [18] , [19] .
Unfortunately, there is a lack of scientific evidence for selecting stimulus contents for particular therapeutic effects. Therefore, content selection tends to be based on the experience of the experimenters or clinicians. Therefore, this research aims to investigate the effects of stimulus contents (i.e. audio, video, and games) used during neurofeedback sessions for stress mitigation. In addition, different types of stimulus contents used during neurofeedback sessions are reviewed in this manuscript. This paper is organized as follows: Section II discusses the different stimulus contents available for neurofeedback training; Section III presents the experimental design to investigate the efficacy of neurofeedback and neurofeedback stimulus contents; results and analysis are presented in Section IV, followed by discussion and conclusion. Method to utilize sensory stimulus as feedback for brain training [18] .
II. OVERVIEW OF DIFFERENT STIMULUS CONTENTS FOR NEUROFEEDBACK
In neurofeedback, the brain signals are tuned to control specifically designed stimulus contents (games, visual, audio-visual, or audio) by scoring or 'hitting', changing color, bar-size, playing or pausing, and/or controlling volume. The content control provides real-time feedback to the brain to promote awareness and to control psychological state factors, as shown in Fig. 1 . Neurofeedback training aims to enhance specific mental capacities. The neurofeedback can be further divided into invasive and non-invasive modalities. The most common is EEG-based neurofeedback, which is non-invasive. The stimulus contents of EEG neurofeedback are mostly used with specialized computer-based software (visual, audio, audio-visual, and games). Further detail of each stimulus content is discussed in the following sections.
A. VISUAL
The color bar and images are the most commonly used visual stimulus contents during neurofeedback, especially in event-related potential (ERP) recordings. The visual contents have shown positive effects on cognitive rehabilitation while improving memory deficits [20] - [22] . Kober et al. [20] used color bar content to train upper alpha (10−12 Hz) at Pz for memory enhancement and normalization of the topographical distribution of delta and upper alpha in chronic stroke patients. Several research groups [15] , [23] , [24] have performed a series of experimental studies and found that sensorimotor rhythm (SMR) (12−15 Hz) training improved the attention, working memory, creativity, communication, and unrehearsed music performance at a novice level. Faridnia et al. [25] used visual stimulus contents in neurofeedback training at C3-C4 (inhibition of high beta (20−30 Hz) and theta (4−7 Hz) while increasing the beta (15−20 Hz)). The outcome showed a significant improvement in swimming performance by reducing anxiety. Ziółkowski et al. [26] used visual stimulus contents for the neurofeedback training at C3-C4 for alpha improvement along with heart rate variability (HRV) to improve the cognitive reaction.
B. AUDIO
Music, sound waves, and tones are commonly utilized as audio stimulus contents targeting alpha/theta training. Gruzelier et al. [23] , [28] , Gruzelier [27] , [29] , and Egner and Gruzelier [30] used different sounds as stimulus contents to improve the alpha/theta ratio at Pz. The researcher was able to improve vocal performance, cognitive creativity, attention span, and musical performance. Arns et al. [31] used audio tones as stimulus content during neurofeedback training. The neurofeedback training was done at Fpz to improve the golf putting performance of amateur golfers. Gruzelier et al. [15] and Raymond et al. [32] performed the neurofeedback training at Pz for alpha/theta and used sound (such as a babbling brook, gong sound, or crashing waves) as stimulus to improve dancing performance. Raymond et al. [33] also used sound as a neurofeedback stimulus at Pz alpha/theta training, to enhance personality and improve the mood. The authors reported that the neurofeedback group felt more composed and confident with elevated mood as compared to the control group. The authors suggested more neurofeedback sessions to investigate the effects on mood and personality. The improvement of gymnastic performance using neurofeedback was conducted by Shaw et al. [34] . The neurofeedback training was performed at Cz-T3 with heart rate variability (HRV) to improve SMR (12−15 Hz) and decrease theta (4−7 Hz) using music as the audio stimulus. The author reported a significant improvement during training. Dekker et al. [35] , used audio stimulus content (music) in neurofeedback at C3-C4 alpha but failed to show significant improvement in mood change. New research is in progress to find the effect of recitation of the Holy Quran on brain activity [36] .
C. AUDIO-VISUAL
The audio-visual (video) contents are used during theta (4−7 Hz), SMR (12−15 Hz), and beta (15−20 Hz) training [37] . Kao et al. [38] used visual and audio stimulus content during the neurofeedback training at Fz theta. The author was able to improve the putting performance of professional golfers. Rostami et al. [39] also used visual and audio neurofeedback stimulus contents at C3-C4 (to increase SMR, and suppress high beta) to improve target shooting performance. Maman et al. [40] performed neurofeedback training at Cz SMR theta (with suppressing high beta) by using visual and audio stimulus contents to improve archery performance. However, no significant effect was reported. The video stimulus content was used for neurofeedback training at Cz (to increase SMR and inhibit theta and high beta) by Cortoos et al. [41] . The outcome was a significant improvement in total sleep time observed in the neurofeedback group as compared with biofeedback and the control group. Lansbergen et al. [42] used video as a stimulus for the neurofeedback training at F3-F4, C3-C4, P3-P4, P3-C4, and Fz SMR, to find the effect of neurofeedback on children with ADHD.
D. GAMES
The game content as a stimulus for neurofeedback training is used because of the positive outcome of the therapy in most cases. Though the game content includes both audio and visual information, the participants interact with the task, requiring more engagement of their executive functions. This is in contrast to stimuli displaying audio and visual features without a specific cognitive task. Choobforoushzadeh et al. [4] performed the neurofeedback training at F3 (to increase SMR, beta1, and suppress theta, alpha) by simultaneously using game and audio stimuli to reduce depression in patients. Benioudakis et al. [13] used game content as a stimulus for neurofeedback training (at P4-T4, T3-T4, Fp2-T4, Fp1-T3 for delta and theta) to reduce anxiety and depression in post-trauma cancer patients, and significant improvement was noted. Liu et al. [14] , [43] investigated neurofeedback training (at P8) to improve the cognitive abilities by using a shooting game as a stimulus. Farkas et al. [44] described game content as a stimulus of neurofeedback training and suggested that neurofeedback is most effective for the comorbid Gilles-de-la-Tourette syndrome. Engelbregt et al. [45] used a game as a stimulus during neurofeedback training to improve cognitive performance. Hafeez et al. [18] used game stimuli for neurofeedback training (at Fp1-Fp2 to improve alpha asymmetry and suppress high beta at C3) to reduce stress. The game and video presentations are now being improved for neurofeedback by using virtual reality.
E. VIRTUAL REALITY
Virtual reality (VR) provides a virtual stimulus environment for neurofeedback training, which incorporates the previously mentioned modalities (audio, video, and games). Berger and Davelaar [46] used virtual reality for neurofeedback to compare the effect of three-dimensional (3-D) with two-dimensional (2-D) stimuli on frontal alpha and found the 3-D virtual learning environment more effective than the 2-D feedback environment. The effect of neurofeedback along with virtual reality was investigated and found to be effective for improving the rehabilitation of inattention and impulsivity [47] . The effect of virtual reality environments for improving neurophysiology and neuropsychological functionalities is being investigated [47] , [48] .
F. DISCUSSION
Neurofeedback training efficacy is still under question because many therapists and researchers have reported the withdrawal of their participants and patients during training, therapy, and treatment [4] , [22] , [37] . One of the reasons could be the selection of stimulus contents for neurofeedback training, in other words, the stimulus content may not have been effective on certain participants. Section II presented different stimulus contents that have been used for neurofeedback training. However, there is no comparative study among different stimulus contents for training. There is a need to investigate the efficacy of different stimulus contents for neurofeedback training. Since the stimulus content may be subject to different applications of neurofeedback, we are considering stress mitigation as the application for neurofeedback training.
Stress is one of the major problems faced by many people during their life span. Psychosocial stress due to personal loss or social rejection can introduce a substantial threat of depression and eventually interferes with social and physiological factors of daily life [49] . Similar to other mental illnesses, stress is also being treated with neurofeedback [49] . Stress and anxiety disorders are generally targeted with a protocol designed to regulate the alpha (8−12 Hz) or alpha/theta, and several studies reported successful outcomes [5] , [12] . Mennella et al. [19] used color changes of a histogram as the stimulus content (F3-F4 alpha asymmetry) and found frontal alpha asymmetry associated with anxiety. The outcome of experimental results was compared between 16 patients in the neurofeedback training group and the active control group (Fz mid-frontal). The comparison showed that the frontal alpha asymmetry neurofeedback training at F3-F4 had reduced the negative effects and anxiety. Faridnia et al. [25] used game content for elite female swimmers. The study reported that by inhibiting high beta and increasing beta at C3-C4 the symptoms were reduced, and the regulation of anxiety among swimmers was improved [25] . The neurofeedback therapy at F3 which increased SMR (12−15 Hz) while using the game as stimulus content, played a major role in reducing the effects of fatigue and depression symptoms [4] .
The relationship between stress and frontal asymmetry is well documented and proven by many studies in the literature [50] - [52] . In addition, stress has been associated with a change of brain activity in the frontal lobe [50] . Some studies have proved that the release of cortisol is not balanced between the left and right hemispheres of the brain [53] , [54] . Thus, a neurofeedback protocol focusing on alpha asymmetry in the frontal regions of the brain could easily produce positive results in reducing stress.
This research investigates modulation of frontal alpha asymmetry by neurofeedback training with different stimuli aimed at stress mitigation. The alpha asymmetry is used as metric to compare activation of alpha power at Fp1−Fp2. The selection of alpha power and alpha asymmetry is based on the criteria mentioned in previous research for anxiety [19] , depression [55] , and stress [56] , [57] . The researchers targeted frontal alpha asymmetry to mitigate the symptoms of stress and anxiety [5] , [18] , [19] . For this purpose, audio, video, and game contents as the stimulus of neurofeedback training are used to mitigate the stress among the participants. The neurofeedback training stimulus contents would be triggered every time a participant is able to reduce their stress. Figure 2 shows the block-level representation of the methodology adopted in this study. The participants were divided into stress (experimental) and non-stress (control) groups based on their stress scores measured by a questionnaire based on Holmes and Rahe [58] . Only the experimental group went through the neurofeedback sessions along with the EEG data recordings while utilizing the three types of stimulus contents. The EEG data recordings for the control group were carried out during the resting state. Next, the EEG data were preprocessed for eye and muscle artifacts before performing the QEEG analysis. The QEEG analysis involved computing features such as alpha power and alpha asymmetry, and construction of the topographic maps. In addition, the EEG-driven features were checked to be normally distributed before performing any statistical analysis. The alpha power and the alpha asymmetry values were computed and compared with the stressed and non-stressed groups before and after the neurofeedback sessions. In this study, the nonstressed group has been considered as a control group. The study hypothesized that the QEEG features after the neurofeedback session will be correlated with the QEEG features derived from the control group. The topographic plots were computed for audio, video, and games and were compared with the topographic plots of the corresponding control group. The objective of this comparison was to investigate the resemblance of topo-plots between the stressed and controls groups for audio, visual, and game contents. The topoplots with maximum resemblance indicates the suitability of neurofeedback stimuli (audio, video, and games). A brief description of each block is presented in the next section.
III. METHODOLOGY

A. NEUROFEEDBACK STIMULUS CONTENTS
This study has employed three types of stimulus contents, namely audio, video, and games. The audio stimulus content consisted of soothing music (tempo, melody, and harmony) [59] . The feedback of the stimulus content was dependent on the EEG alpha power at Fp1 (inhibit) and Fp2 (increase), that modulates the alpha asymmetry. This can be achieved by meeting thresholds on peak signal values at Fp1 and Fp2. The study participants were allowed to bring music files of their own choice [60] . The trigger for audio was the play and pause. In the case of video, the study participants were given the freedom to bring video files of their own choice [60] . During the neurofeedback session, the triggers for the video was also play and pause. This study has utilized three different game stimulus contents (Tori, Bubble Popper, and Bugs Shooter) provided in the BT v.12 software. During a neurofeedback session, the trigger for meeting the threshold in different the games were, eating the grass, shooting coins with arrows, and shooting bugs, etc. Figure 3 shows the neurofeedback experimental procedure adopted in this study. According to the procedure, every participant performed six sessions of neurofeedback training, which included two sessions of audio stimulus content, two sessions of video stimulus content, and two sessions of game stimulus content. The neurofeedback training session was conducted in the EEG room. For every participant, one session was performed in a day with a maximum of two sessions per week, and an intersessional time of four to six days. Figure 4 shows that the duration of each session was 20 minutes, which consisted of six periods (of three minutes duration) and a 20-second break between each period. In the first and second session, audio stimulus content was used. During the third and fourth session, video stimulus content was used. The final two sessions were conducted using games, as shown in Fig. 3 . The trigger of the stimulus content was dependent on the EEG alpha power at Fp1 (inhibit) and Fp2 (increase). The EEG data were recorded during each neurofeedback training session, and three minutes of open-eye EEG data were recorded before and after the neurofeedback sessions (for a single stimulus content) as shown in Table 2 .
B. NEUROFEEDBACK EXPERIMENTAL PROCEDURE
Only Fp1 and Fp2 were considered in the table because these locations were important in the context of stress mitigation.
C. STUDY PARTICIPANTS
In this experiment, the standard inclusion criteria for the recruitment of subjects were considered according to the approved rules from the ethics committee of the Universiti Teknologi PETRONAS, Malaysia. This study was performed in accordance with the Helsinki Declaration, and with the approval of the Universiti Teknologi PETRONAS, Malaysia ethics committee. A participant under antidepressant medication, or any kind of psychological therapy, or having any disability which limits her or his capability to perceive the stimulus during the neurofeedback training was excluded from this study. Initially, 29 participants (mean age = 23, SD = 2.5, 10 female) were considered, out of which nine (six male and three female) were excluded as they did not meet the criteria. In this study, the control (< 150 score) and experimental groups (> 300 score) were equally divided on FIGURE 3. The neurofeedback experimental procedure, 20 participants out of 29 passed the inclusion criteria. In this study, the control and experimental groups were equally divided on the basis of the stress checking scale criteria based on [58] . The control group (six male and four female) was a non-stress group, while the experimental group (seven male and three female) was found to be under stress. Neurofeedback training sessions were conducted on each participant of the experimental group, with audio, video, and games as the stimulus contents. Each stimulus content was presented in two sessions. EEG data (open-eye) were recorded before, during, and after the neurofeedback session.
the basis of the stress checking scale based on Holmes and Rahe [58] . The control group (six male and four female) was a non-stress group, while the experimental group (seven male and three female) was found to be under stress. The control group was used as a reference for comparisons. Consent was taken from each participant. The participants were briefed about the experiment and its purpose. Also, a detailed presentation was given to them to demonstrate the process of neurofeedback and its best practices. A complete document about neurofeedback and experimental procedures was provided to each participant. In order to induce stress, the Trier Social Stress Test (TSST) [61] was administered to each participant of the experimental group based on the method by Allen et al. [62] . TSST included three minutes of rest, a mental arithmetic test, and a speech task [63] . After the mental arithmetic test, the subject was asked to move to another room for a speech task. The speech task consisted of 10 minutes of speech preparation and five minutes of speech in the same room. The following statement was read to the participant: ''This is a speech preparation task: you have to mentally prepare a five-minute speech on any topic of your choice. You have 10 minutes and your time starts now''. After TSST, three minutes of open-eye EEG data were recorded in the rest condition. That data were considered as data before neurofeedback training, in which the subject observed a white-background display screen.
D. EEG DATA ACQUISITION
EEG data were recorded using Mitsar (MKS NVX-52, sampling rate: 500 samples/sec). The electrodes were placed according to the 10-20 system [64] at 20 sites (P7, P4, Cz, Pz, P3, P8, O1, O2, T8, F8, C4, F4, Fp2, Fz, C3, F3, Fp1, T7, F7, Oz) as mentioned in Table 1 . Neurofeedback training was conducted by using a two-channel Brain Trainer device (by Spectrum Learning, sampling rate: 256 samples/sec), at the Fp1 and Fp2 locations. For this purpose, two modified electrodes were used for the device to avoid interference between both devices. The electrooculography (EOG) results were recorded in order to detect eye movements and blinks. All electrode impedances were kept below 5k , and each physiological signal was amplified with a band-pass (0.53−70 Hz) and a notch (50 ± 5 Hz) filter. BT v.12 software was used for neurofeedback, and EEG Studio software was used for EEG data acquisition before, during, and after training. The experiment was conducted in a quiet room, in the Centre for Intelligent Signal and Imaging Research (CISIR), at the Department of Electrical and Electronics Engineering, Universiti Teknologi PETRONAS, Malaysia. The subject was seated on a comfortable chair in front of a display. The electrodes were placed as mentioned in Table 1 . EEG data were recorded for three minutes with the eyes of the participant open, in a rest condition viewing a white-background display screen. The QEEG analysis was performed on EEG data to determine the stress level of each participant. The frontal alpha asymmetry criteria [65] were adopted for stress measurement [5] , [19] .
E. EEG PREPROCESSING
In this study, artifacts were rejected by manual inspection. The procedure was conducted using EEG Studio software. Artifacts such as EOG and heartbeat were inspected in the recorded EEG data and selected. Similar procedures were adopted for all study participants. The clean EEG data were further subjected to QEEG analysis. 
F. QEEG ANALYSIS
The experiment was designed to regulate the alpha asymmetry to reduce the induced stress [65] of university students. The alpha asymmetry was calculated by using the following formula [12] :
In stress mitigation, R and L represent the alpha power at the right frontal location Fp2 and at the left frontal location Fp1, respectively. The alpha power is the average value of the power spectral density (PSD in µV 2 /Hz) of the EEG data occurring over the alpha frequency range. The estimate of the PSD was calculated by Welch's method [66] , where K represents the number of segments, P k (v) is the periodogram of the k th segment. The raw EEG data were downsampled to f = 250 Hz, and then a Hamming window of 500 was used (sampling rate × 2) to overlap by 50% to minimize loss of data. The PSD values occurring at frequency range 8−12 Hz were averaged to find the alpha power as outlined in [66] . A low value of alpha asymmetry indicates that the participant is in stress [5] , [19] . Therefore, in order to reduce stress, the participant has to train their brain to inhibit alpha power at Fp1, and increase its value at Fp2 [12] , [67] , [68] . Alpha power at Fp1-Fp2 and alpha asymmetry were calculated for before and after neurofeedback training, while using audio, video, and games as stimulus contents, as shown in Table 2 .
Topographic maps were constructed to visualize the alpha power at all scalp locations. The maps were constructed for both before and after the neurofeedback session to discover the efficacy of neurofeedback for stress reduction. If the topographic maps matched those of the control group, a reduction in stress is indicated. This comparison was performed for audio, video, and game contents. The graphical analysis illustrated the presence of alpha power over different regions of the scalp and especially at prefrontal locations. Topographic maps were plotted using MATLAB. Color maps were used to illustrate the alpha power strength; for example, black represented minimum power, and red represented the maximum. A color bar was displayed alongside the topographic maps.
G. STATISTICAL ANALYSIS
The statistical analysis was performed to find the efficacy of neurofeedback training for stress mitigation, in general, considering all the three stimulus contents. The paired samples t-test was conducted on alpha asymmetry before and after neurofeedback training within the experimental group. The assumption of normal distribution (by the Shapiro-Wilk test) was not violated (P > 0.01).
The independent samples t-test was performed between the control and experimental groups (after neurofeedback) to verify the closeness of both groups. This evaluates how close the experimental (stress) group is to the control (non-stress) group after neurofeedback. The assumptions of normal distribution (by the Shapiro−Wilk test, P > 0.01) and equal variance (by Levene's test) were not violated.
The efficacy of neurofeedback stimulus contents was statistically compared by repeated measure one-way ANOVA with a Greenhouse−Geisser correction between the before and after alpha asymmetry of each type. The post hoc test was applied using the Bonferroni correction (a = 0.05 or 95% confidence interval) to find the difference between the efficacy of stimulus contents.
IV. RESULTS
The EEG data were analyzed to find the efficacy of neurofeedback and the efficacy of the stimulus contents for stress mitigation. The experimental results for the control and experimental groups were analyzed by alpha power and topographic maps. Moreover, the EEG data of the experimental group before and after neurofeedback training were analyzed for enhancement in alpha asymmetry. The analysis of the experimental results is detailed below.
A. EFFICACY OF NEUROFEEDBACK FOR STRESS MITIGATION
The EEG data were analyzed to find the effect of neurofeedback on the experimental group for stress mitigation. The control group data were compared with the data from before and after neurofeedback to find any significant differences between the mean values. The following techniques analyzed the efficacy of neurofeedback. Figure 5 shows the topographic maps of mean alpha power for the control and experimental groups. The control group had asymmetric power at the prefrontal locations of the brain, as shown in Fig. 5(a) . When the experimental group was exposed to the stress task, it showed prefrontal to posterior asymmetry in the alpha power, as shown in Fig. 5(b) . It was a dipole with the whole frontal region showing higher alpha power. After neurofeedback was applied to the experimental group, the frontal to posterior asymmetry was scattered. Moreover, the alpha power peak was restricted to the right prefrontal region, as shown in Fig. 5(c) . The results of the paired samples t-test statistically showed that the alpha asymmetry at the prefrontal locations was significantly different before (mean:−0.124 ± 0.178) and after (0.019 ± 0.110) the neurofeedback, which showed that neurofeedback had some effect on the brain, as shown in Table 3 . The alpha asymmetry between the control (0.125 ± 0.102) and experimental groups after neurofeedback (0.019 ± 0.110) was not significantly different, as shown in Table 4 .
B. EFFICACY OF DIFFERENT STIMULUS CONTENTS
The efficacy of neurofeedback stimulus contents for stress mitigation was analyzed by using QEEG analysis. Alpha power analysis of EEG data depicted a significant change when compared with mean values for before and after the neurofeedback training for the audio, video, and game stimulus contents. The topographic maps illustrate the mean value of the alpha power of the experimental group before and after neurofeedback training, as shown in Fig. 6 . The asymmetric power in the right prefrontal was lower before neurofeedback training, as shown in Fig. 6 (a)(c)(e). However, the asymmetry power was increased in the right prefrontal region after the neurofeedback training by using audio (Fig. 6(b) ), video ( Fig. 6(d) ), and game ( Fig. 6(f) ) stimulus contents. The enhancement in the alpha asymmetry of the experimental group, before and after neurofeedback training, using audio, video, and game stimulus contents, is measured in Table 5 . The enhancement was calculated by finding the difference between the alpha asymmetry before and after neurofeedback training. The bar chart represents the 
FIGURE 7.
Alpha asymmetry enhancement is the difference between the before and after neurofeedback results of the experimental group, calculated using Equation 1, while using audio, video and game stimulus contents for neurofeedback, as shown in the bar chart. The figure shows that game stimulus content for neurofeedback training is more effective in the enhancement of alpha asymmetry. enhancement in alpha asymmetry after neurofeedback training, as shown in Fig. 7 . The game produced significant improvement in alpha asymmetry compared with audio and video stimulus contents. A repeated measures ANOVA determined that the mean alpha asymmetry value significantly differed from the other two neurofeedback stimulus contents (F(1.403, 12.628) = 17.905, P = 0.000). Post hoc tests revealed that the alpha asymmetry produced by the game was increased to 0.120±0.037, which was statistically significant difference to that produced by the audio (P = 0.001) and the video (P = 0.013) stimulus contents. Alpha asymmetry slightly increased for the audio and video stimulus contents (−0.046 ± 0.04221 vs −0.018 ± 0.037) which was, however, not statistical significant difference (P = 0.505), as shown in Table 6 .
C. DISCUSSION
In this study, the primary finding is that the stimulus contents do have effects on the sustainability of neurofeedback sessions. In the context of stress mitigation [49] , the results have revealed the efficacy of game stimulus contents is much greater than the efficacy of audio and video, because games show more interesting visual stimulation than either audio or video. This fact may indicate the importance of designing or selecting a stimulus that is more interesting to the study participants [69] .
The effects of neurofeedback training on stress were studied [56] . The effect of neurofeedback training was analyzed using alpha asymmetry within the experimental group and between the experimental and control groups. Neurofeedback training affects frontal alpha asymmetry [70] and stress [56] , [57] . The efficacy of neurofeedback for stress mitigation was analyzed for the control and experimental groups by QEEG analysis. A paired samples t-test was conducted to find the statistical significance of the efficacy of neurofeedback stimulus contents for stress mitigation within the experimental group [71] . The mean alpha asymmetry values were compared within the experimental group before and after neurofeedback, as well as between the control and experimental group. Table 2 shows that alpha asymmetry increased after neurofeedback within the experimental group. The paired samples t-test results is statistically significant evidence for the increase in alpha asymmetry, as given in Table 3 . The independent samples t-test [72] conditions of t(18) = 2.240, P = 0.038, as shown in Table 4 , shows no difference between the control (non-stress) and the experimental (stress) groups (after neurofeedback).
The experimental group data is further analyzed for different stimulus contents that affect alpha asymmetry for stress mitigation. The bar chart and topographic map reveal the game as more effective for the enhancement of alpha asymmetry and mitigation of stress than the other stimuli. A repeated measure one-way ANOVA is performed to compare the statistical significance of neurofeedback stimulus contents for stress mitigation. The post hoc pairwise comparison test of the game with audio and video shows the game as statistical significant difference than the audio and video, as shown in Table 6 . Therefore, Fig. 5 and Table 6 show the efficacy of game content was higher than the other types of stimulus contents during neurofeedback training for stress mitigation.
In this study, the control and experimental groups are divided on the basis of the stress checking scale criteria based on Holmes and Rahe [58] . The control group is a nonstress group while the experimental group has been determined to be under stress. Further stress is induced in the experimental group using TSST before applying neurofeedback [62] . The rest condition after the induced stress is used to find alpha asymmetry before neurofeedback. The increase in alpha asymmetry after neurofeedback reveals the significant effect of neurofeedback on stress. Comparing the alpha asymmetry after neurofeedback with that of the control group also yielded no significant difference, establishing a favourable effect of neurofeedback.
The study has a few limitations. First, the scope of this study was limited to university students (mean age = 23, SD = 2.5) who were perhaps more interested in games than other groups. A detailed study on other age groups may yield interesting results regarding their interests in different neurofeedback stimulus contents. The living and working environment of participants may affect the selection of stimulus contents. This also suggests that game contents may further be enhanced for neurofeedback training. The current study focuses on the efficacy of different stimulus contents used in neurofeedback for stress mitigation. We limited our experiments to audio, video, and games. We are aiming to incorporate virtual reality in neurofeedback for stress mitigation in our future studies. Although the selection of different types of stimuli (i.e., audio, video and games) provide flexibility of choice to the study participants, their effects may have variability and may not be ignored. On the other hand, this flexibility of choice enable the study participants to actively engage in the experiment during a neurofeedback session. Second, the study could not provide a detailed account on the behavioral perspective as it was not the main focus of this investigation. The effect of neurofeedback for stress mitigation on other region of the brain is yet to be investigated. However, there are studies in the literature that relates effects on modulation on one region of the brain to other regions. For example, Trenado et al. [73] has discussed extinction of conditioned-fear in people suffering from post-traumatic stress disorder and anxiety. However, in this study, we have addressed the effects on neurofeedback on stress only. Third, in this study, the intersession time is four to six days, which is considered enough time to nullify intersessional impact. However, the order of presentation of the stimuli was the same for all participants.
V. CONCLUSION
The efficacy of different neurofeedback stimulus contents for the enhancement of alpha asymmetry for stress mitigation was investigated. Audio, video, and games were considered as stimulus contents for neurofeedback. The efficacy is evaluated based on alpha asymmetry enhancement before and after neurofeedback sessions. The game was more effective than the others for neurofeedback training to reduce stress. This was further verified by the pairwise comparison of mean values of alpha asymmetry of different stimulus contents. The comparison emphasizes the statistical significance of the game as more effective than the other stimulus contents. To conclusively establish the efficacy of different neurofeedback stimulus contents on alpha asymmetry, the experimental results (topographic maps and bar chart) reflect that the game is more effective for stress mitigation. One of his main tasks and interests is transferring research to products and commercialization. He has published several journals and conference papers and supervised and co-supervised several M.Sc. and Ph.D. students. His field of interests and specializations cover a wide spectrum from theoretical to practical aspects of engineering, including systems, control, signal processing, communications, and optronics.
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